Purpose: To investigate whether the ratio between metastatic and examined lymph nodes (N ratio) is a better prognostic factor as compared with traditional staging systems in patients with gastric cancer regardless of the extension of lymph node dissection.
T he number of metastatic lymph nodes (N stage) and the depth of the primary tumor (T stage) are currently considered the most reliable prognostic indicators for patients with radically resected gastric cancer. [1] [2] [3] [4] While T stage can be readily assessed by pathologic examination of the primary tumor, N stage assessment can be affected by the extension of lymph node dissection, which is classically termed D1, D2, and D3. 5, 6 The UICC/AJCC classification, which is the most widely used for the staging of gastric cancer, suggests that at least 15 lymph nodes should be examined for a correct assessment of N stage. 7, 8 This implies that D1 lymph node dissection, which is limited to the perigastric lymph nodes, might not guarantee an accurate staging. 9 Nevertheless, this type of lymphadenectomy is routinely performed in several Western countries, 10 -12 which is supported by the fact that D2 lymphadenectomy is associated with higher rates of postoperative complications; moreover, its therapeutic efficacy has been questioned in 2 randomized clinical trials. [13] [14] [15] When the AJCC/UICC N stage (which is based on the number of metastatic lymph nodes) is used, the phenomenon of "stage migration" has been observed in 10% to 15% of cases. 16 -21 The ratio between metastatic and examined lymph nodes (N ratio) has been recently proposed by our group 22 and others 1,19 -21,23,24 as a novel prognostic factor that can identify prognostic subgroups among patients with N1 and N2 disease, and reduce the phenomenon of stage migration. In all these studies, an extended lymphadenectomy (D2), which is associated with a higher number of lymph nodes removed, was used as the standard surgical procedure: therefore, the issue of the prognostic value of the N ratio after D1 lymph node dissection has not been addressed yet.
In the light of these considerations, the aims of our present study were the following: 1) to validate the prognostic value of N ratio to efficiently stratify patients with different clinical outcome as compared with traditional prognostic systems in a large multi-institutional series; and 2) to investigate whether the N ratio maintains its prognostic power in patients with limited (D1) lymphadenectomy.
PATIENTS AND METHODS
In this retrospective multicentric study, data were collected from the medical records of 1853 patients who underwent radical resection (R0) for histologically confirmed gastric carcinoma from January 1988 through December 2001. Patients were operated at 6 Italian centers experienced in gastric cancer treatment: Clinica Chirurgica Generale 2, University of Padova (n ϭ 331); First Division of General Surgery, University of Verona (n ϭ 260), Institute of Surgical Sciences, University of Siena (n ϭ 311), "Morgagni" Hospital of Forlì (n ϭ 523); Institute of Clinica Chirurgica, University of Brescia (n ϭ 184); Division of General Surgery, Hospital of Marsciano-Todi (n ϭ 244).
Eligibility criteria included histologically confirmed R0 gastric resection (ie, negative resection margins, en bloc resection of adherent organs, and en bloc resection of greater and lesser omentum) and pathologic evaluation of the total number of resected lymph nodes as well as the number of metastatic lymph nodes. Patients with distant metastases (eg, hepatic, lung, peritoneal dissemination or extraregional lymph nodes ͓superior mesenteric artery, middle colic artery, and para-aortic lymph nodes͔ and tumors of the gastric stump after gastric resection for benign disease) were excluded from the analysis. Patients dead in the postoperative period were also excluded.
The resulting 1853 evaluable patients were divided into 2 groups according to the number of examined lymph nodes: group 1 consisted of 1,421 patients with more than 15 lymph nodes and group 2 consisted of 432 patients with 15 or less lymph nodes.
Following the Japanese Research Society for Gastric Cancer (JRSGC) guidelines, 5 lymphadenectomy was classified as D1, D2, and D3. To minimize the phenomenon of stage migration, the nodal dissection of the surgical specimen was performed by surgeons in a standardized fashion (ie, following the JRSGC classification system) on the bench of the operating room. In each center, node status was assessed by the same pathologist, who also reviewed the slides of all primary tumors. Lymph node involvement was classified according to both the 1997 UICC/AJCC TNM classification (N0 ϭ no metastasis, N1 ϭ 1 to 6 metastatic lymph nodes, N2 ϭ 7-15 metastatic lymph nodes, N3 ϭ more than 15 metastatic lymph nodes) 7 and the 1981 JRSGC classification (which is based on the anatomic level of involved lymph nodes according to the site of the primary tumor ͓upper, middle and lower third of the stomach͔: n0 ϭ no lymph node metastases; n1ϭ metastasis to group N1 nodes; n2 ϭ metastases to group N2 nodes; n3ϭ metastases to group N3 nodes). 5 N ratio intervals were determined by using the best cutoff approach (a method aimed at minimizing the identification of rare classes of patients) and considering patients' survival (log-rank statistic) as the dependent variable. 25 The functional form of the covariate under study was also evaluated by means of the martingale residual analysis. 25 Both analyses identified the following best-fit cutoff values: N ratio 0, 0%; N ratio 1, 1%-9%; N ratio 2, 10%-25%; N ratio 3, Ͼ25%. These cutoff values were used both in groups 1 and 2.
All patients had follow-up controls at 6-month intervals; the final date of follow-up was June 2004. The median follow-up after surgery was 45.5 months (range, 4 -182 months) for all patients (n ϭ 1853) and 68.9 months (range, 5-182 months) for survivors (n ϭ 1044). In group 1, the median follow-up was 42.3 months (range 4 -182 months) and 61.2 months (range, 5-182 months) for all patients (n ϭ 1421) and for survivors (n ϭ 818), respectively. In group 2, the median follow-up was 56.2 months (range, 4 -181 months) and 90.3 months (range, 5-181.4 months) for all patients (n ϭ 432) and for survivors (n ϭ 226), respectively.
Overall survival (OS) rates and 95% confidence intervals (CI) were determined using the Kaplan-Meier estimator, 26 an event being defined as death for any cause. The log-rank test was used to identify differences between the survival curves of different patients' groups. 26 The following independent variables were analyzed: 1) age (Ͻ70 years versus Ͼ70 years); 2) sex (male versus female); 3) tumor site (cardias versus upper third versus middle third versus lower third versus diffuse); 4) type of surgical resection (subtotal gastric resection versus total gastrectomy versus extended total gastrectomy); 5) T stage (T1 ͓mucosa or submucosa infiltration͔ versus T2 ͓muscolaris propria or subserosa͔ versus T3 ͓sierosa͔ versus T4 ͓extension to other structures͔); 6) grading (G1 versus G2 versus G3 versus G4 versus unknown); 7) Lauren type (intestinal versus diffuse versus unknown); 8) anatomic location of lymph node metastases (JGCA n0 versus n1 versus n2 versus n3); 9) number of metastatic lymph nodes (TNM N0 versus N1 versus N2 versus N3); 10) ratio between metastatic and examined lymph nodes (N ratio 0 versus N ratio 1 versus N ratio 2 versus N ratio 3). The number of lymph nodes examined, the number of metastatic lymph nodes, and their ratio were considered initially as continuous variables. However, for practical reasons, we ultimately reported the results after categorizing these variables: indeed, the clinical implementation of N ratio as a novel prognostic factor would require to group patients into prognostically homogeneous classes to make a therapeutic algorithm possible.
A constrained robust regression analysis was performed to evaluate the pattern of the number of metastatic lymph nodes as a function of the number of examined lymph nodes related to the different T categories. 27 
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To compare the prognostic power of the TNM system (T stage combined with N stage) with that of a staging system based upon the T stage and the N ratio (TRM), we plotted the natural logarithm of the hazard risk (HR) against the 6 TNM classes (IA, IB, II, IIIA, IIIB, and IV) as well as against 6 novel TRM classes. These latter categories were selected by using k-means cluster analysis that grouped combinations of T stage and N ratio identifying prognostically homogeneous subsets of patients. For this analysis, all patients (n ϭ 1853) were considered.
For all analyses, only P values Ͻ0.05 were considered significant.
Statistical analyses and graphics were performed in the "R" environment (www.R-project.org) and with the SPSS 12.0 statistical package (SPSS Inc., Chicago, IL).
RESULTS
Clinical and pathologic data of group 1 and group 2 and for the 5-year OS rates are summarized in Tables 1 and 2, respectively.
According to the JRSGC classification, D1, D2, and D3 lymphadenectomy was performed in group 1 in 159 (11.2%), 974 (68.5%), and 288 (20.3%) cases, respectively; in group 2, D1 and D2 lymphadenectomy was performed in 248 (57.4%) and 184 (42.6%) cases, respectively.
In group 1, a total of 46,713 lymph nodes (median, 30; mean, 32.9; range, 16 -108) were removed and examined. Lymphadenectomy included 16 to 25 lymph nodes in 501 patients (35.2%), and more than 25 lymph nodes in the remaining 920 cases (64.8%). A total of 7070 lymph nodes (15.1%) were found to be metastatic (median, 1; range, 0 -50).
In group 2, a total of 4588 lymph nodes (median, 11; range, 2-15) were removed and examined, and 760 (16.6%) resulted metastatic (median, 0; range, 0 -13).
When applied to the whole set of patients (n ϭ 1853), the constrained robust regression analysis showed that the number of metastatic lymph nodes increased with the number of examined nodes in patients with T2, T3, and T4 but not T1 tumors (slope coefficient: 0.00006, 0.13, 0.15, and 0.26, respectively).
We then evaluated the distribution of N ratio categories (1-3) across the N stage categories in group 1 (N1, N2, N3) and group 2 (N1, N2) patients, separately (Table 3) .
In group 1, all 3 N ratio categories were represented in N1 tumors (49.1% N ratio 1, 44.6% N ratio 2, and 6.3% N ratio 3); N ratio 2 and 3 (but not N ratio 1) were represented in N2 tumors (35.4% N ratio 2 and 64.6% N ratio 3); and only N ratio 3 was represented in N3 tumors ( Table 3 , upper panel).
In group 2 patients, all 3 N ratio categories were represented in N1 tumors (14. 7% N ratio 1, 40.6% N ratio 2, and 44.7% N ratio 3), whereas only N ratio 3 was represented in N2 tumors ( Table 3 , lower panel) (obviously N3 could not be evaluated in group 2).
As regards survival analysis, the 5-year OS rates were 59.2% (confidence interval ͓CI͔, 56.5%-62.0%) and 59.0% (CI, 54.4%-64.1%) in group 1 and group 2, respectively ( Tables 1 and 2 ).
Survival differences (log-rank test) among group 1 and group 2 patients according to N stage and N ratio are reported in Table 4 . Considering the N stage classification, the 5-year OS of N0, N1, and N2 patients was significantly longer when Ͼ15 lymph nodes (group 1) rather than Յ15 lymph nodes (group 2) had been removed (N0: 83.4% versus 74.3%, P ϭ 0.0026; N1: 54.3% versus 44.3%, P ϭ 0.018; N2: 32.7% versus 14.7%, P ϭ 0.004, for group 1 and group 2, respectively). When the N ratio classification was applied, OS differences between group 1 and group 2 were maintained for N ratio 0 (which is identical to N0 stage), whereas no significant differences were observed for N ratio 1, N ratio 2, and N ratio 3 ( Table 4 ).
As shown in Figure 1 , in group 1 the use of N ratio allowed us to identify subsets of patients with significantly different 5-year OS both within the N1 stage (three subsets identified; P value Ͻ0.0001) and within the N2 stage (two subsets identified; P ϭ 0.003). In group 2 patients, the N ratio classification did not identify subsets of patients, which is likely due to the low number of cases available.
When the OS rates of patients with different N ratio were compared across group 1 and group 2, no significant differences were found among N ratio 1, N ratio 2, and N ratio 3 of N1 stage and among N ratio 3 of N2 stage, which underscores the homogeneity of the prognostic classes identified by such a classification.
Stepwise regression analysis included all the prognostic factors considered at univariate analysis. In group 1 patients, the factors retained were the following: age (HR for patients older than 70 years ϭ 1.78; CI, 1.502-2.097, P Ͻ 0.0001), T stage (HR for T2, T3, and T4: 1.59 ͓CI, 1.235-2.050͔, 1.69 ͓CI, 1.316 -2.161͔, and 4.70 ͓CI, 2.863-7.719͔, respectively; P Ͻ 0.0001), type of resection (HR for total gastrectomy and extended total gastrectomy: 1.53 ͓CI, 0.655-3.557͔, 1.75 ͓CI, 1.0712-2.851͔, respectively, P Ͻ 0.0001), and N ratio (HR for N ratio 1, N ratio 2, and N ratio 3: 1.67 ͓CI, 1.246 -2.242͔, 2.96 ͓CI, 2.303-3.811͔, and 6.59 ͓CI, 5.201-10.339͔, respectively; P Ͻ 0.0001) ( On excluding the N ratio variable, the overall fit of the Cox model decreased (likelihood ratio test with and without N ratio: 95 and 91, respectively). Since N stage was not retained in the Cox model, we then tried to compare the prognostic power of the traditional TNM system with that of a hypothetical staging system based upon N stage and N ratio (TRM system). Using the survival data from our series (n ϭ 1853), k-means cluster analysis identified 6 prognostically homogeneous TRM classes of patients (1: T1R0; 2: T2R0, T3R0, T1R1; 3: T4R0, T2R1,  T3R1, T1R2; 4: T2R2, T3R2, T1R3; 5: T2R3, T3R3, T4R1; 6: T4R2, T4R3). When the 6 traditional TNM stages (IA, IB, II, IIIA, IIIB, and IV) were plotted against their respective HR ranges, significant overlapping was observed among all stages, with the exception of stage IA (Fig. 2, upper panel) . By contrast, when the 6 TRM stages were plotted against their respective HR ranges, no overlapping was observed ( Fig. 2, lower panel) .
DISCUSSION
In the present retrospective study, we investigated the prognostic value of N ratio in a group of patients who underwent curative resection for gastric carcinoma. Multivariate analysis showed that a high N ratio has a prognostic value independent of both traditional prognostic factors and extent of lymphadenectomy (extended ͓more than 15 lymph nodes͔ versus limited ͓equal or less than 15 lymph nodes͔).
The experience reported in this article comes from centers dedicated to gastric cancer surgery where D2 lymphadenectomy is considered the standard procedure, and thus the number of resected lymph nodes is usually Ն15. According to the constrained robust regression analysis and considering the whole set of patients (n ϭ 1853), the number of metastatic nodes in patients with radically resected gastric cancer increased with the number of lymph nodes removed. Consequently, in patients with T2, T3, and T4 tumor, the number of metastatic lymph nodes may be underestimated if few lymph nodes are removed, which would lead to the understaging of patients. This consideration is supported by the observation that the 5-year OS rate of N0 patients is significantly better (83.4%) in group 1 patients than that observed in group 2 (74.3%). This finding could be due to the fact that some N0 patients from group 2 might turn out to be Nϩ if a more extended lymphadenectomy had been performed. Similarly, the OS of group 1 is significantly different from that of group 2, both in N1 (54.3% versus 44.3%, P ϭ 0.018) and N2 stage patients (32.7% versus 14.7%, P ϭ 0.004). Therefore, when a limited lymphadenectomy (D1) is performed, patients classified as N1 stage might instead turn out to be N2 or N3 stage if a D2 lymphadenectomy had been performed. Similar findings have been reported by others. 18 -20 For instance, in a study on 650 gastric cancer patients who underwent curative D2 gastrectomy, Bando et al 20 estimated that 103 of 228 (45%) patients with lymph node metastasis would have been understaged as N0 if a D1 dissection had been carried out.
The ratio between positive and examined lymph nodes has been proposed as a simple, convenient and reproducible system that can be used to better identify subgroup of gastric, breast, and colon cancer patients with similar prognosis, 30 -32 thus minimizing the stage migration phenomenon that can be observed using the current TNM staging system. As regards gastric cancer, different N ratio cutoffs have been proposed. In 474 patients treated with D2 lymphadenectomy, Inoue et al 21 adopted the following N ratio cutoffs: Յ25%, Յ50% and Ͼ50%; in 650 patients Bando et al 20 selected 4 different N ratio cutoff values: 0% (no lymph node involvement), 1% to 10%, 11% to 25%, and Ͼ25%. These authors did not describe a specific method for the selection of the reported cutoffs. Using the log-rank test and the Martingale residual analysis, 25 which avoids the identification of rare classes of patients, we found that the best-fit cutoff values were 0%, 1% to 9%, 10% to 25%, and Ͼ25%. These findings are similar to those we obtained in a previous study on 277 gastric cancer patients after D2 lymphadenectomy. 22 In different Western and Japanese series, the N ratio has been indicated as an effective prognostic tool after D2 or D3 lymphadenectomy. 1,19 -24,33 In a study by Bando et al, at multivariate analysis the N ratio was retained as the only independent prognostic factor when the number and the side of metastatic lymph nodes were considered in the analysis. 20 Similarly, Kunisaki et al recently reported that the N ratio independently influenced the prognosis of 758 patients radically resected. 34 The independent prognostic value of N ratio for patients after D2 lymphadenectomy was reported in our previous monoinstitutional study (n ϭ 277). 22 In the present large multicentric series, we confirm that, when more than 15 lymph nodes are examined, the N ratio discriminates different prognostic categories among patients with N1 and N2 lymph node involvement. Moreover, the same finding was observed in patients with less than 15 lymph nodes examined. Thus far, all the published studies dealing with the prognostic value of N ratio in patients with gastric cancer have considered only patients who underwent extended lymphadenectomy (more than 15 lymph nodes removed): therefore, to our knowledge, the present study is the first report to evaluate and demonstrate the prognostic power of N ratio among patients with less extended lymph node dissection.
Unlike the N stage classification, whose prognostic power is significantly affected by the number of removed lymph nodes, the N ratio discriminated 3 subsets of patients (N ratio 1, 2, and 3) with similar prognosis both for group 1 and for group 2: 5-year OS of N ratio 1, 2, and 3 patients are 66.3% versus 61.2% (P ϭ 0.591), 46.8% versus 47.7% (P ϭ 0.881) and 19.0% versus 28.1% (P ϭ 0.095) for group 1 and group 2, respectively. Moreover, when we considered only the N1 stage patients, no statistically significant differences in survival was observed between the group 1 and group 2 patients according to N ratio 1 (P ϭ 0.600), N ratio 2 (P ϭ 0.944) and N ratio 3 (P ϭ 0.317). Overall, these findings underline the ability of N ratio classification to identify prognostically homogeneous subsets of patients.
Most importantly, at multivariate analysis, factors retained in group 1 patients were N ratio, age, type of resection, and T stage, and those retained in group 2 patients were N ratio, age, sex, tumor site, and T stage. Of note, the independent prognostic value of N ratio observed for patients with extended lymphadenectomy (HR for N ratio 1, 2, and 3: 1.67, 2.96, and 6.59, respectively) is similar to that reported in our previous study (HR for N ratio1, 2, and 3 were 1.60, 1.72, and 5.52, respectively). 22 Although the multivariate survival analysis showed that N ratio does add prognostic power to the model in both groups 1 and 2, the question may arise up to which lower limit of examined lymph nodes the N ratio still works. Unfortunately, the number of patients in group 2 did not allow us to directly address this issue by means of survival analysis. From the statistical viewpoint, it should be considered that, simply by likelihood, the fewer nodes are examined, the lower the accuracy of the prognostic system. In addition, it is noteworthy that, while less than 16 nodes is per se a critical level for the N stage system (ie, no N3 class ͓Ͼ15 nodes͔ can be identified below this number), the critical limit to identify all 3 N ratio categories shifts down to 10 nodes (ie, no N ratio 1 ͓1%-9%͔ can be identified below this number).
Since N stage was not retained in the Cox model, our results strongly suggest that the ratio between metastatic and examined lymph nodes provides a model with a prognostic power greater than that obtained using the absolute number of metastatic lymph nodes (N stage). This observation is also supported by the better prognostic discrimination associated with the TRM system when compared with that associated with the TNM system (Fig. 2) . Furthermore, for the first time, our findings, which are based on the largest series ever published, show that the N ratio is an independent prognostic factor both in patients with D1 and D2 lymphadenectomy. Taking into consideration that in many Western countries surgeons routinely perform D1 dissection, these results underscore the fact that N ratio might be implemented in the routine clinical practice independently of the type of lymphadenectomy. 
CONCLUSION
We think that these data should draw the attention of the scientific community on the need and the possibility to improve the prognostic power of current staging systems, which would profoundly impact on the selection of patients who may most benefit from adjuvant treatments. Comparison of prognostic discrimination power between the traditional (TNM) and N ratio based (TRM) staging systems. To this aim, we considered the overall survival data of all our patients (n ϭ 1853). When the 6 TNM stages were plotted against their respective HR ranges, significant overlapping was observed among all stages, with the exception of stage IA (upper panel). K-means cluster analysis identified 6 prognostically homogeneous TRM classes: when the 6 TRM stages were plotted against their respective HR ranges, no overlapping was observed (lower panel). 
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